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(54) MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 

(57)Abstract: B 1 4# ^p_ # ^_ M^Mrfl. 

PROBLEM TO BE SOLVED: To form a perovskite structure mmm immzmmmmmmmmw 
of a ferroelectric film having orientation (1 1 1) by an MOCVD < > % 



method. 

SOLUTION: When forming the perovskite type ferroelectric 
film by an MOCVD method, an initial layer having orientation 
(111) is formed first in a low oxygen concentration, the 
deposition of the ferroelectric film is continued thereon in a 
high oxygen concentration, and then the whole of the 
ferroelectric film is subjected to the orientation (1 1 1) by 
using the initial layer as a core. 
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LT ( 1 1 1 ) ErtLTV^^NWWaiWiBftlSFife-C* 

Xb ?>%.mz A o itr tia***, 

*, *IBk#(cgft3-£*C: k £tt*k-*-*¥*ftSSM 

[ff*fl2] flJR&fJWttKfctfjfcfSigtt.. WIS 
SSLkfcSf 1 4>3fcl8«*«»tf* , « 1 m&#xWSL 

"vmtim i coigk , mm i ^a8WMR»*±. 

««mfct$S5 2«igfc i n «r* i k fcHRk-t* 

*sx z ttsmmmwx t mtmiwx t amtat 
Lximu&MQttci 8xjaTt«e**i. mew 

2«Ig?li, 1tiEIMfc#x«>*»i, WE^MMtC 
« 2fB»^^#;SS«Smm 

[f«ii4 3 raie»i«igti±. mmaxffm 
#x*tt&mm#x t , nEiwk^ t , me* 
exvmzimzn. mi 

T"3 6 X*JB£4 j; a (cRS3*i* <! b m'&btm 

[ If^il 5 ] mien 1 <OXg?tt , miam 1 OSftllt 
*K«#£ 3 0 n mJaT«0lWW=«jjW*i k £»a:k 

f £ it *w 2 -4 <n o *> , v ^-rti^msm^mm 

x. mmmx.mmmm%i ooxojmmwc**^ 
ti«^:ii^y^ti; b mmbtms 

m 
urn. 

mms, ] ttenttiumtt. 1 1 p b « 

AlA'T i ^f«t&Jlfl(»££&£ k £»kt !>§i*S 

i - 7 co o % . v vffh*- mmnmmmmm 
m. 

[0001] 



mmzm, mzmmmm-ti^m^mmm 
mm&zmtz* 

[0 002] V^^I>DRAM&|>V^SRAM^<D¥ 

wttummtzy vx-?zmb tmmmm 
tihmmcomwmuxh o . mm**? ict* t e 

TP^5A^7 ; -^S-Mtl.±«*»feiigMk L 
1 0 0 0 3 ] U»U «SIt 4 X ?l§ffi±*MTlfl1« 

fc*tk, ft£T1i^»%tt»ia'tigak LT. 7n- 

r -f h«at:fli«* mmxmmtt eep 

ROMIiSV^^-yxay^U *«flfcb*L"C V ^ £ k *« 
^•<55roT^S. W(C77 7>'a^ ; ey{±DRAMk|Sl 

< , m.%r <xrm\,zm&h±®mmmb ix 
mmtix^h, 

[0004]— EEPR0M^75'y>'a^ ; eU v e 

a. mm$jifrtfh>*)im&MZjtix<7)7v- 

~>X%$tilt:#), &$?mzW% ^mPeW** 1 D , 
t^ffllS««jsa^fcJ;V'M*^«0ji1-k h>^;H6 

»n*^tLT Lit 3 raa^tTv^. h >^mm 
m^fcixi&o bmr&z-$>iwm£mtrt& 
mzK-oxito. 

[0005] zmzni. mmmmmvmm 
mxmtmmmmimw (jjitf e RAMkia 

t y h 5 y vx ? r a m oi§-& k n«c#-c7) 

MOSFETJcD&D, ^*y-bA^^i/^»C««K 
*ffi£PZT (Pb(Zr,Ti)0 3 ) *>|>V^iPL 
ZT ( (Pb, La) (Zr.TDO,), S^tCii 
SBT (SrB i 2 Ta 2 0 3 ) 

s. f e RAM{i«#coEpanKJ; "JSIIWft^ ^ 

P^hnyjoaEAfc^oTff^dEEPROM^^-y 
y^t'J fcJtt^TtfUia^atffi^l 0 0 0feJ>^V^t± 
WXt3E< % 9 , 4 1/10 

ffi a >Jti^# t vS < . 75<xi/A^ ; &>;oi 

077f&cO#??^i.ii|^ iHfiHTS 5 k#^ . 
[0006] 

mmmnx^yrmzx mmztix^&tf. m 
ikmmmmikmmz-otix , xa- 7 mxmm% 
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htii. mmmmmmm-&%&. Pb*zr, 
t i * E^&mjtmi^mMmmmwtfh 9 , 

i o o o 7 ] bo i a, mmmtkmmmmz 

«teh.TV^4MOCVDi«10«Wtt«||Rt, PZ 
[0 0 08] Hlft#§W*(C, MOCVDgRlOJi 

y i i At j; o^3ft*woa««w*«J*r 
iy*7°? 1 1 BfrH^ffilGKl 1 £*U «flej»i 

S 1 1 KttP b, Zr.Ti *if<^«7E*<0««JSC|Ef 

^THF^r mm m^zmm im&mmtK wmmm 

8»12A, 12B, 12Ci>^ Wtlf«i3 
(MFC) 12a, 12b, 12c£tf-LT 

3 atJj:Viiit:«ttStifciR»5-f VI 
3ASrffl-5T. #*aA»14fcflafr$;fc*. tfia^x 
a^H 1 4 fc{4:M > 1 3 Brt»&!«#;**ttl«&3*u 

Miepb, zr, t i vm&mmmMmm&Fs 

[0 0 0 9] HlcOMOCVDgKl Otli, Sfefclf 

Kswtsi 3 wiAviy7 j i 3 bzitixmmj > i i 

a Ur<xu>i 3C ^iiT *$ 
9 , fflEAVl/r 1 3 c £ffl< i t fc J: 0 , (SIBSMtSS 1 

s^fl-ts^jimffiMfwspM^^yi lA^PMSti 

4. I5IEAVI/7-1 3bii, Mie^^S^ffira^fS 
SI UcfWftStiT^*BBiBHI*#i*. z.<nk*>\z® 

m4>i3 cz&m zbizxn. mmmm 1 1 + 
kzmtmmmwi 1 1 t^tmmztix^imtz 

i3V i ,4 1 1 OSSWr ifC**#$r$ 

mmrfcixh, mam 3xmm.mwm^% 
[oo i o] hi <t)moc vdub i o tiiiriai^ 

1 2 A- 1 2 C WzfflfflOffilftlUKR* T H F 

o J 3 let* £ t 0 s *«*«**«^«Mfl&II 
JMHI1 3^fcJBS?*U Sift**.*. 

[ooii] £*it:*f u mmzmmmmiMmm 

o *^ Wi, H 2 i o tdBft48tt#» 1 2 A- 1 

£4tU, ffM§ft£^£fiMfflJ!If4 (H90 

[0012]-*. ««tll*^«^Mf4^ffi3*^ 
W4, H3te*t i 0 »M«4£M»*®fl 1 



2A~1 2C£fg«|U SfeteJK^S»12A~12C 
£€fitt 1 2 D- 1 2 F tfifc-tii-WifiBW* . 8 feC 
:RStt#* *flCBSH* 1 2 A- 1 2 C **u»K 

W£#Xfi#» 1 4 teftlM-i . 
[00 13] 

[fS0J?*%^LJ;ofc-fl>tSII] PZT&fc' 

<n*xx?xti4 hmmm^i-mmmi^mxn. r i 
a*wiz rmwcmmz^m-hzkiz* mm 

wtnmtf (ooi) mmntmnx$>i« - 
me c mtimim»mzMLmzffifo ix^i, t& 
fcfeaiuw*!!* 5 (100) Einfcarrsfc^fcuu 1 

[0014]-*, znt>mmmm&th^v~? 
xiiA hmmmm-mziEifgkm%tii)K c 

ftR+Wi, (001) ffi|*|(&*^SISai: (100) 
lZ<om. (10 0) ffi|fti**tSIS*{4. 

mmzikKm-b^ztizKi, 

[00153 z<r>£o%imfrt>* m*i*)mzx/*y 

mmxn. Twyrxmnm&mpt (in) 

fc*O^I«ffi{4, M* 4 ' (001) ffi|*|**t*«^ttt 

kx *?*?'b z<%&hcri<7), ±x <nm^mmmmz^ 
¥tttdnb. mbiximmmmmm^tit, 

[0016]-*, ^nn*>f M34f«*M^Hl 
C0UOC VD^ai 0^ri:«MOC VDSfcJ; O^tfct 

fc«^c*4, mmz (100) ffim^irtiJSA** ( 0 
din m&Gtmmmmmx'Ztzmii 

[0017] ^if*^l4±ia^iS«I2r(g^L^, fr 

[0018] V&WWj&M*. moc vd 

miz* 9(iii) mmftti^n^AXJ hwm 

[00 19] 

mmmmmza^x^mmm^t ix ( 1 1 1 ) 
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mizx oaMw-iia***, 

[0020] ^f&BflfcitUf . MOC VDtfefciSSISS 

«#*ff«^M)H«tt#xmfg£«;< i fc 1 
«t a* um 1 1 1 ) Bffl*OT*amtttR*ii 

< m?l i t § „ £<7)J; o sfiriKv ttfftf* jftK 
T1FMSft£5<StMM8i«fc LT^JSU f-<0±fe* 

imma (in) Eifiitsiwsn* . 

[0021] *<0lS*, MlB§M8*«I+fcfc^TOTffi 
3l»W*«fft08 0%m±£ (111) lEffij£«£fc 

m-iktfxmsiTBm-m i <oigt , mm i <oasi 

WHWt*±t» 2 a&RtttKffi#& , £ 2 co. X 0 

ism 2 03mfrjR»##. wtem 1 fsm«i» 
<ohei6uc«-r Lxmcth x 5 izmmuicotm 
tu\ mimmmicoxmxii. msBttwzvM 

#x£m?£Wpi#x t mmfctfz t e&mzn 

IX &m LizWtmx* 7 8 %J3lTfcK« L. » fiflBIg 2 

xzmitxoizm&iz. bmmx-hh. t-kWR 
mivxmn. masttofxrtm** mzmm 

t mmtttz t mmm&mmmz mmt 

««T-3 6%iaTfc»^L, iriem2£oxs-c«. me. 

m&iz t mi&x'h t . wtctnem 1 oig-m, 

BUlES 1 3 0 nmJilT^ffitffKffM 

[0022] ttzimmnmmmmtixmzm. 

~> X s frlM«HSrl8*?I)K 1 0 0 %<7)»HM4> fcfe 

*vc v >i m&izGm'h 4 . c w ± a *»(fc»H»«rc 

«IC J: 0 , I rJRSffitfettfi I r 0 xftAOA 

[00 233 *^Bfl-ci±. fr£#ll&KiKttfc IX Pb 
titVT i Otf«jfeRIRra&tt3 £ t iz X 0 , (11 
1 ) BrtLfcPbTiOsH*MOCVDifefcJ:iJ#j* 
■tS Z bifflmttci . ££iiuiB*1l£JIKf4fc LT P 
b , T i *J ±l)f Z r «*«bfe»gfiSffi 0 £ fc t= ct ") , 



(111) ffir&ltfcPb (Zr, Ti ) 0 3 §?3rMOC 
iZto^X ffflftl&UKftfc IXSr, B i fc J:l>'T a 

mmmwm*m zbizxn. ( 1 1 1 > sm l*: 

S r B i T a 2 0 9 M£ MO C VD&tJ: OJBlfctS £ fc 

*farfltt=ifs . § ^fcfrie*«#«isf4fc lt b i & ± 

^Ti<0*«^«ffRJffid£fc^J:>). (11 Dffi 
IfilUfcB i 4 T i 3 0 1J K^MOCVDi£fcJ:'9»lfit& 

[0024 3 Wfcfliem 1 

mmit^xtdxmmmmm^x^ti^xm'z 
m&^-&zmmtii x a tufft* c fc ti; o . 

^^iiri*m%.%m%mimixmmmm 

mmzmxfiitzmimwt& . 

[00253 surm. i9ia*«^«n«fc ltth f 

(fN5t Fn75y) 4>t0. 3mol/L«iiTC 
JfflWUitP b ( DPM) 2 ( IS fx ( J/tA'n-f ^ 
t-h) ) , Zr ( DMHD ) 4 (y>^Wf>7 
^■X (^f-^r^i'^-h) , Ti (PrO) , 

(DPM) 2 (f-^y (i/Myro#j/) (yt'A'D^f 
/^^t-h) ) MfcK £tl^^2 6 0'Ct^L^ 
fi«fc!H3fctJV^TJMK8*, a**300SCCMfc 

iss tfc^*^^ y r ^'x bmz m&ffxmm 1 4 

ftttUfc. MB7?'x?I^14T1i, £c02 3fcLT« 

&«Ucj/^V-^'y K*^fflE^fiMl 1 

[00263 fHEJ$K£ 1 1 *(cfev^T(i»%a*«W 
cr>mm.tf 5 8 O'CfclS^^il. IWM*MKPZ 
TKco«*%t§. luE«»a*«fc t-Cli, SiS 

fc. *«IK^J;3**ii^ut, filBPZTM 
[ 0 0 2 7 ] 04 (i, ftfcfute p z TM^XMlMHSRf 

i o o 2 8 3 ii4 mmms o %w» 

^ a^ffloi rmizmmti i roh'-^ic 

PZTO (001) J;V" (100) Mc7)Jt«69«V»IU 

— * (iii) mznj&tmtfv—?i*3 

8' JSflN£«i8iiiit&* t «8* t fi<, HhttXVl 
PZTmxitMz ( 1 0 0 ) ffififc (001) Efokifi 
m lizmizZiX ^IZb tfbfrl . fztz L±IB<7) 

mm&mte. nutmi iwzmzti&&x<7)*f 



!(5) 003-324101 (P2003-324 10 1A) 



[0029] itfMfijfllK**, *»SO«B3t{US«|g[ 

ZTJRoE|6j*HSL!t3&«, R£«Ktf6 0%fc,tlX4 
0%o*§&fc{4, B8*iga* s 8 0%^i-^t|s|tt^gift 
##£>tl. B&LZtil PZT|»i±fc (10 0) HBfB]*3 
JtM 0 0 1 ) Kl*]£fti#/lTfc 0 s FJrMO ( 1 1 

i ) imtb-ffrx-foiztmimiK. zcvxozp 
zTim, mmmmg*). f e r am*^*^ ; t 

[0030] £*ifc*f U *9S>»o)e9NbWftRS 1 1 
+fctJ ft*IBR&K& 2 0 % * TH^S t Z 6 . II 
4 J: 0 3 K (111) fflfcHJ&friBifrK-? 

tfflKSaWWIU L*»i (10 0) fflj&iVMl ( 0 0 

i ) mizximjTV-tmzmz-vv^tzttf 

JWZtvfc, 

[00 3 1] *tt£hh, MOCVDfttefcVVts 
Hf^l««K£»£^Tif « L P Z TUT'iiHFf 
S<0 ( 1 1 1 ) ElfiUJi^StTfiOs L^itUffft-^ 

[0 0 32] 05J4, iOiSfcLTfc&ftfcPZTK 

[00 33] H5 t#«W4fc, #«»4«B#cDl?* 
«K*«8 0%(?)*S^fc(i4 OmC/c m»&fcte*r3r 

0 %<73»£fcli eOjuC/cm^Srfii.^ ffit ji LT I > 

[ 0 0 3 4 ] H4 , 5«>ISftjW&it*J(HfcOVvC 

tzzcox o^{&m*mm^z&i-mmcom 
tixummmx-^mmit^mmmm^t^ 

[0035]-*, meitzcoxoizvxnhtuzpz 

[00 36] 06£#Sftl>fc. PZTmcO<J-?9M 
(4. R*mK8 0%T«^t^^W42X 1 0-* A/ 

U 2 0%T145xi0- 2 A/cm2S^fci^-oTL 

p z TM^t^ft<50Bt*^«^m u * s v 
pzT«aaiHc»itffi!W»jsisn. ^^<««x« 



£<3tU>,, 

[0037] MOC VD&t i 0 P 

fta««**I«-C'ift«£ffv\ ( 1 1 1 ) E 

JtWMI* ft k \ U - ^«»<%J«firV«8W*«* ff« 
-flu ^<«s ifeK^flcS^ut (111) Eft**** 
3&f$*«It4«fcLTfraU ««**9re»ja3;hJfc 
9M#Ki>, (111) EWWWtSfi*. ;^J:-3 

**Cr< . (111) Efflttf$»tWr:*:t' : 5r#ffi 

itsets imiz4^%v-7mf&9mt& z t# 
[00383 tz6x\ z<nx o izmmm&x-mmm 

Zt ifihh. 

[0 0 39] H7 (A) (4, I rJ£^ffl£5 8 0"COia 

mza^x 2 5 %mmm&xmm tm^mmm 

[0040] 07 (A) fclBKtSt, I rM«(7)Fjf 

[0 04 1]«oTH7 (A)Ol§«^. Irilfc 
ffiK»lKT!4»*#:K^»M*$^*^fcl4, T 

[0042]-*, I r|R«ffi£|H|&58OT:0Di&Kfc: 
fcwr 1 0 0%coiBRWrrJ)K!PILfc*^Ktt» 17 
(B) fc^TJ:3fcs JMMtJWJlfcftfc^. 

mm^mmmtf&tftztixis*). ztuzi^i r 

[0043] ^i-c*^fcfc^-ci4, mmmm& 
x°mmnm<?)mmiz%±-ox. mmmmm 
immmxmmi, zmzx 9«*itjre<o 

t. 

[ 0 0 4 4 ] H8i4, i<?54 3 tKR»ffl»4>tDfe«ffl 
Lfc I rM*HKIt«SS2 0%t"ff§^5 nmiOPZ 

0%TPZTK&, *JffllSJMi**t^tK0PZT]S(0 

A^-y& N *W^K»«S8 0%T'fMUcPZT 

[0045] H8&#S3-ri»lc, ;oJ;3t (111) 

m*n+iwm* 5nmcomif-x-mm-tmx\ 

jBBfrSEI#ft-^<0WS*<ltt*:t, ( 1 0 0 ) B 
*SV^4 (001) ffitiBEff S0*fe-^J4»ifJB« 
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titzPZTma. ?m<?) ( 1 1 1 ) wk^Lx^hz 

[0 0 46]H9ii s H8lC^L£r.-OC9PZT)ItO 
WC. {100) #1(1, { 1 1 0 > 3fr|6jfcJ;tf { 1 1 
1 > JjfaWMfo^X&tz&mnit. 
[0 047] H9Sr#BStl>t, ®ibfrl>8 0%<7)WM 

mmx-im.uzPZTmxn^mm^i^ ( i o 

0 ) Effl#KrW* s *iiS< , BifM<7) (ill) 
M^tt4 0%fc}WrfrK £*lfc*tU fittt2 0%<7) 
l»«rCMM£ffMU *«ft-C8O%0)iSt»« 
fcJBfifcLJtPZTjR-Cii. (Ill) ffir&KDfi] 

[0048] HI Oii. a8£DZ-OC0PZTlt^^ 

[0 0 4 9] 01 0*#SS-T4K, PZ 
Tl£«fi#«f2;(c#W\ ttgBJf£iftXaK2 0 

tt» P ZTJR^»mUX8 0XT»*Lfc«^J: ") 

«E#2 VO*&, SrS»&jK 8 0 XXm^fitz P Z T 
M(±^4 5//C/cm2«^«fi^*-fl>^ML. *3 
Sfl«£2 0%OKS«T\ *)t#ttJB£8 0%<08* 
iRSTJ^RSfifc P Z TKYHU EPJPlff 2 V<0*&«0 

6 0^C/cm ! Zmt IZt tfhfrl . 
[00 50] HI Hi, 08<O-r*OPZTKfco^ 

[00 5 1 ] Hi l**IW-*te, WJfcii-PZT 
■»«Sil!:*tMlfclc4Ht, ««S£lg«ffiK2 0% 

r** l**mi*iw»K8 o %tfm ttz pzrm? 

Ji, y -?*S#P ZT§t£ft£I««*8 0%T« 
L£*B££>$<7 1/1 0 0 0 \,zm>- iX^&Zk &hfr 

[00 52] §<bfcHl 2U. *WJ|fcJ:*PZTRfc: 

J££Wcte*£*tHl2£#{l1-4K. 'J-?«e 
afftJi^JJWJiOlRJIW 5 ~ 1 5 n m««HT**Uf 1 X 
1 0-6A/cm2(?)iKtfcl 2 0nm*iBi&t)R 

JStfttJt^-rsiiwm^iis^, »i §«#3 o 

nmJHTCftiitf » y-?*88l?*£ 1 x 1 0" 4 A/c 

[00 53]-*. |frlBWJi^)ii¥* s #^fcjf < , ft 

1 nm X 0 *>»V> J: o P Z T*J 
JfilliWIBI rK*-*fctt3fef. HI 3 (A) J3S 

<7)i 3 &^RIM& P Z T»jf "C^T i> . H 1 3 
(B) «aSIT*«)±l£PZT*fMI^3B«Lfc*^. 
PZT*#9<ffi8&Jfo*8fctltiik IX 

®mmmthz.ttfx'%z>, tzm. m*e>m 



s. MBPZTWj*(£m«<Tk. nwmskk 

[0 0 54] sfcfcaHWTtti, WiBWEWHPZTjf 

•dincwurjaitfetA^Bre 1 4%~7 s^tse 
i i i ) Bwmjy&we**. *3fe« 

t^rwRN i istt mwrnrnxx t maMWx t ma 

smztt ixjm i . 6 %~ 3 6 %ot 

WRjaW&riCk'C, WPZTlw ( 1 1 1 ) KM 

cm±mmx%h, 

[0055] 

immmmmi ess 1 h 1 4 wj 

com 1 glfcMfc A l P z TK<^jfcfr8c£ jftt? P-f- 

[0056] H14 t . *mmx*im 1 5 

(A) fcjjcfS i0 2 M2 IZftlX I rM2 2Sr^ffi 

(c«W8*ifc s i «2 0 mmmmmk ixm^\ 
xtvts 1 ^^xmimmmmmmi oizn^x 
fries i s« 2 0 mmmm, 6 7 0 p &co*hme 

t-54 0'C. 24 09RIMIIf£. 

[0057] JJCfcXr 77S 2 fcfcUT . filB«aS 
tlfc I r H2 2«HfcH 15(B) fc^f X dt, MO 
C V DScfc «t 0 2 0 %«^frt"P Z T^c7)^II 
1 2 3 £ , 3 0 n mWT^IWrCJgSttS . 

[0058] f^fcXr 77S 3 fci3V>T . WtB«*I£ 
^fcPZTi!2 3<D«BK. HI 5 (C) t<z^t£?t,Z 
PZT1<7)**12 4^, MOCVDSfciD. 
S8 0%C0*f^T«-f-|>» 

[0059] *50tWm tWBHl 4^f¥7S 2 
fciVS3tfcV^T. PZTl^MOCVDjSKSr, * 
SAKWHfcPb (DPM)t, Z r (DMHD) 4 fei 
IfTi (i PrO) 2 (DPM) jj^-WPflPb, Zr 

zmmmmmMTHFmmi,zo . 3^1/ 
*k micoimmm%gi2A, i2Bi$ivi2ct: 

3««S*i*. fIIB»ra«»^X7o-ayhn- 
7 1 2 a~l 2 cfcj: DS«^M»LTMtilt«AS 

ii, 2 6 0tr«Wk*#i*. i^idfct-csMkL.jt* 
«#JSMfKi . fflR* f^^vSttdf y T #x I Mz , 

isi^x^^yi 3Bp^mm^xtm^ti. 

ill.. WIE^«5tt#^ 'J T^xoaOKi. «i(f3 0 0 

SCCMtlftgStLl.. 
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[0060] WEI 1 4 t#BW-&(£, II 1 4i?)Xf7 
7S2fc*JlvOt, frlB#*«^JBM^S:, WiifPb 
JgfkOZ r ±tf T i <AJH8fc*ftftJt* ( P b/ ( Z 
r+Ti) ) SrO. 7 8fcf££U 4fcZ rlB3H<0. Z 
rfcJtm JSCB£Stt*Jt¥ (Zr/ (Zr+T 
i) ) £0. 4 6fctteLT»«»13fcflWH-*. * 

TH F jffi££ , P b , Z r & ItfT i 
Wfflk&ttt&Oft (TH F/ (Pb + Zr+Ti ) ) 

*n . 33 jc4* j: a fc, meftflsH i 3 fc*Atft . 

[006 1 ] 1 OftftWfcJi, HUlBX-f-yTS 2fcfc^ 
T^fvrs 1 «*»n«*MIfSflL M&ttl 3 

fcSMfc»l 3*^^xm^Sl 4fcMft#X^ > 1 3 
AtfVVfc/ 1 3 a £MS , S££ 1 4 fcfWt Uc*f&£: 

web*** vTtfztmzmA-ti. tmrnifzi 

y l 3 b#>£>, ^xidJtJIBWf^ 

Jlgj& { 2 0%i:&l>J:'3fc, ilfi£$J;Llf 6 2 5 SCC 

£itl> 1 d fc, ttlB#*5>f y 1 3 Bfcjfett&tofctf* 
$S&^fcfc^T, ^3g#X£ 1 8 7 5 S C CMOSUrC 

<om^^2rUIB^XS^ 1 4 te**f* . 
ffi£S 1 4 fcfcwta&Sixfctf^ML i/f7^7 H 

^att, 6 7 o p a <r>mmmzmpfZ titzmM 1 1 
fciai&ft, friMi i±fcHi 5(b) iizjxrmp 

ZT«2 3#, Wiff5nm<0»WCtfiKS*l4. 
[0 0 6 2] -#H140*f >y:rS3fc4jVvCtt, fig 
MS 1 1 4«0S«mS># s 8 0 % fc J: a ICME9 4 f 

1 3 B{=jfitt$tiJt^x*»*j3Jt4Bi«^^>a« 

^WjSJDSff±U, ««£2 5 0 0 SCCMfcfS 
£t ft . i/tHUlfl#S^«JI«i , fTlBP b/ ( Z r + 
Ti)Jfo&*0. 70fc&ftJ;3fc, ££Zr/(Zr+ 
Ti)Jt#0. 5 5 fc&ft J: ofc, <?£>fcTHF/ ( P 
b + Zr+Ti)Jt#0. 5 8fc&£J;')fct&£§ft, 
MiSU 3teS&Ml*. SWfcSl 3Tftft§*l£Hm# 
x«, fflEg*^ y rtfx fcfttetfxjMft 1 4 fc* 
AS*i, HEiM > 1 3 B^<«t#,xfc?I££:fi, 
^^y-^-y F£il LT 6 7 0 P aOHMB&m 2*1 
fc^JRSl 14>fc»A£ftl>, £f5*fK\ HI 5 
( C ) fc^-f P Z T**« 2 4 1 1 0 n m<D§iJIfc 
JiWSti*. 3nB, MBXr-yTS l~S3£j!t.T, 
fif BMWil .580 *CcO»«SJKfc«»§ lift . 
[0063] jy±comfr8cfcJ: LfcPZTK 
11, ^09fcSiN;5fc9 4%fc3itft«l :: 5: ( 1 1 
1 ) Bfcfctfl/n*. *fc» ftfcEll O-CKWLfcJ: 
■5 fc, EPflH*E 1 . 8 VT*6 0 m C/c m» JJLfctftfMi 
*£#U EpjD«ffi+3VT'10-«A/cm2dO#t 

[0064] *HttMT1±. £0* 3 Wfy7S 2*3 



i^s 3?jfiKSi l *fc£ttftl£Sg«g#Mfc$;h.l> 
*<OHHc*fcfcR!HtfcJ: 3 fc#X5-f y 1 3 Bfc 

flnU KStfxattKKft* «t 3 fcS»#XO 

fcfc tfft #x«»*««#x*g^fcfcJ>S 1 TSSH" 

[006 5] ttMl 4C0Zf-v7S lfc&VVCtl, It 

&m%mw,fwmmi icm^^ut^s 1 

fcfc^Tt. MiSm^l 3^«l^fc^fStl, 
Xf77S 1 Idsv^TttEAieS 1 1 T'«fi»T«&£ 
tifc^fc. H^fc^S=5r*««mfflM»^^KMl 

[ o o 6 6 ] h 1 6ii, jfrnmrnimmuzi & f e 

RAM3 0«tijS^^-r„ 

[0 06 7] 131 6£r#!It&fc, Fe RAM 3 Oil* 

^4HB»t3 o Afci ms8,%nm : mMm~ti s 

i 30S3 1 ±fcffM2*l-tfc 9 , MBS il!3 1 _hfc 
ilirlB?Stt«»fc»JSLt, y-Mft«R3 2^fr 

ffllfcfeV^TfilBS i*«3 1 tpfcffMStlfcy-Xfcj: 
VHWyttftKWS 1 A, 3 lBfcjWB*3*i-0* 

ft. 

[ 0 0 6 8 ] S fefclulES i W9L 3 1 ±fcfl, fill 
ll3 4Mc£ixT£>5, fflBir B lfi8)i3 4fc(l, - 

3 1 Mzwmmmztifcm^i&Tj? 

3 4A*«fta**lTV^. §4fc*Mffi»M3 4±fc 
{1MET7^3 4 A^#LTttlBS£it««3 1 Afc«« 
BDfc^SIX^t'-y MftB L^MSixTV^ . 
[0069] fflBt'7 «B L**Jg«§*lfcJ||IB6KIR 

3 4±fc{i, sgfcnane«R3 5!WjR3*iTt5 0. nr 

IBJf Hlfclii 3 5 (C{liiig«Jl 3 4 £K» LXi&J<0 
»ffi*3 1 Bfc«»»fc«SKS*UtlWttr5^3 5 

[0070] «S»ttt75J r 3 5 B*««ftii**Utl 
raife«M 3 5 ±izw < y 7^ fc T»«flSl & 
«ltJt«»t*f ftT»^^Ai/^«ff3 6*>'»fiS$ 
nTV>|> 0 tfET»^^^WS3 6fc*JV^TTIW 
MW4I r**4^ttPt«J:i)aKS<it. frlBTi5 

miwtLTPtisffl^ft^fcJi, mT***m 

b IX I rl^WM^tl, ttei rl±fc#tJf i; LT 
«itfIrOxl*qttSS*l4. PtT««W{±, £ 
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**rtis9V&3 em~co i rji«t m&nn$., m 

1 6(2, mZVa**>*i'?nm3 6blX* I r«£ 

[007 1] MET«P#A*A;^®I3 6±fcl±, PZ 

MlE^Ai^fM#II3 7±(;:!;i:, Pt4»I r. *S 
(Ali I r Oxi D&SXSW -vA-$/^^3 8* { JfM§ 

f^mmm3 7*ut^a^A>^««3 sa, 

[0 0 7 2] HI 6<0FeRAM«»ilS£. 
HI 7 (A) -2 0 (H) *mRVtt#l*W9it&. 
[0073] HI 7 (A) 1tm$UZ, fMBSi«« 

1 0 0 7 4 ] & vc, ttfB*ftHtttBt 3 0 Afc «t ") 1 

f&ztiti¥-hWM33k. miy-hw&3 3<7)mm 

fcfcWCtHBS i *R3 l+fc«WE$*lfcaa«SW3 1 
A, 3 1B£»£U FeRAMWt'J^h?^' 

[0075] mzm 17(B) «igtfc^T . mia^ 

t U h 7yJ>'x^^'JfM$it3t S i W8L3 1 ±fc, 
CVDi6teJ:»)^U3>«ftll**Mlt, ttd 
ISBfi»«3 4 SrflM-f & . § J: p |ctT»*S 

ftfcJUBMfiSIR 3 4 co*E2r CMP (fl&ttffifflaWM) 
85flriffcJ:9flWU «HBllB«WR3 4<0«iii^ii 

[ 0 0 7 6 ] £ £>fcH 1 7 ( B ) <0XSTIi, l> V ^9 

7 ^ -vfymmzx *)mmmmmm3 

4fcMBSaK«W31AfcJtt43y^^h*--A'3 4 
a£»fi£U Hi 7 (C) ^imcfcvrtfJffi«p B l«« 
JK3 4±fc^ y: nfc&tl;:J;l) s tVfZrrV (W) 

H^fllfin y??b*-/i/34a festeUt* J: a (eft* 
LfcfiL ffieir B 1WJ«3 4cO«*«Stl.iT'CM 

3 4a mmm>tivmm&Tjy34 aa\ mibis 
i«ew3 i a izmmizm s s *i * . 

[0 0 77] HI 7 (C)ff>JMC\±. ZUZXJ^y? 
mts: blzX 0 ByififlfMUI 3 4 JiteWKfc t£ft t , i 

- - y /-ri> ; 1 1 J: 0 , WKJ: 0 * 0 , mmnftT 
5/3 4 A^tTfrlBra^«3 1 AteSSKSfutt 
•y M*BL)WBfifc3*l.&. 

[0078] «fc«E, t*-y b B Ll«$^10 
KI34B:, W£tfcvDi£fcJ:«)S/y3>*flat 

&m«u jji®miiaut3 5*$jft*-&. sfefcyy 



«R3 5 (C , * ^T^BPM® 3 4 LTlSEffc 
ftffiiS 3 1 B fcjgf* 3 >- ? ;? h 3 5 b Sr JKtftt 

[0079] ( E ) OlgtetSW^ mi 

\£xrt»,mwzi *)mmmwBm3 5±£w«£ 
mmim, mmmtmm 3 5 nmm&-t& t x- 

CMP&fclDSML ny^^h*-^35bSrX* 
U£»dl*3 1 BC«SW9t«gRSiifc»«ttT5^3 

[oo80]Hi8 (e) coxmxn, £ f>txA- 7 ? 
mizx*), mMmm®3 5±£Tmws*m 

3 6 SrffifigtSA* >J */W5 i tmiWS* 1 &l> I 
rl3 6 0£f«t£. 

[0081] Hi 9 ( F ) cOIgtfctvciffB I 
rJf3 6 0±fc, 01tfDMOCVDggB£ffiK Pb 
(DPM) 2 , Zr (DMHD) 4 , Ti ( i PrO) 
2 (DPM) ,*^<0*«A«K»*ffl^fcMOCVDS 

tj:9. pzT«3 7o*»jiw-4. *mm 

T1iMIBPZT13 7 0«S«£f£*igl££ 20%a 
TfcRJtU 3 0nmOToBtfffc:#«U 

fMtSo i^CiD. «TlBPZTK370{i;f9TMcO 
(111) ie[fi]t'»Jt$n^o 

[0082] SfefcHl 9 (G) <73Igfcfc*vC, Hfg 
PZT«3 7 0J:fc. XA'-y^^fcj;!). Pt&&^{± 
I r, J5*V*jtIrOz|lt(MIU ±Si3«ffi«3 8 0 

[0083] ftftfc, >jy^97-f-*jJ:Vxyf-y^ 
S»KJ: 01WEIS3 6 0-3 8 0 fcn*--yU TSI5 

«fcV±»^-vAi/^«S3 7*J|?jSL, *fcHl 6 "CM 

[0 084] dc?)J;3t, *»fi«tJ:W4\ MOCV 
DftfcJ:"}, ( 1 1 1 ) mfo&mPZT%Z<?y<v 

tzFe r a m mm- h £ t mmztct . 

[ 0 0 8 5 ] 5rfc, *«Wt»€3*i4^n^^>f h 

*WflttPbTiOsHW>P'bZrO a ji. SBTM. B 
i«Ti sOniBrifts MOCVDffitiOs J9fS<9 

(in) sifti'^js-f &it*nfrir?*i. 

[0086] ^*3iy±0|fJBflT1±, rolBIO«l^ffMt 
ft 8 0 KOTteRS t . *fWl 

c7) ( 1 1 1 ) E^PZT)i* i '#^ai.;i:^IP^t^ 
[0087] JiUi. LV^WtWfcOV^fl 
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[0088] (ftE 1 ) xn7x1i<i hSMBtfclT*- 
«HfflS8W#K*t:*5V^5SSW 
ftt&IUik IX ( 1 1 1 ) RfrLT^I>#3£f*§ISOig 
Sttf3;T*oT, i«fB5*lMf*lt£ffiSB^ 
fttW kIHb!?X k WRfcfc J: Wftft&zm&lt 
MlE3SP«*ffif ffMtSXg{±, frfEIMt#xo 

[0 0 89] (#B2) «riasiW*]R+ttsv^fflf 
mmmmih<7>8 ox&ufi ( i i i ) emi/a** 
<r t £#ak-t&ftfa i ia««4^ii«««yim 

[0090] (ft»3) ffi&mm*m*mtix 
mu. mm®±mi mmmmmi. mi com 
ittixmsx-Mm-hw. i cox&b , mm, i comm 
»mmx^m2commmm^, m<?>, 
v mttfxmfgx-m-tm 2 com k j: o & & £ k * 
m.t-ttm.1 itzn2m.cnmwmmm.ii 
m. 

[0091] (#ib4 ) mm2cr)xmn. mss$2 
commmmtK mmm 1 vmimmmnim 
mz*-8.Lxm&t& i 3 (cat? stis £ t £»®k 
-r am 3 iaa<7)#«*«M««s*ffi. 

[0092] ( ftU 5 ) ttdt 1 COXUX'li. MEM 

H^iUIWx * #tf£*«M4#x k iri'fiMffctfx k 
<O^C*fUTS«^ : E^«!rP7 8%JaTtcR3eS 
*U I5IES2<7)IST{±. IflBWMfxwWWi, flilB 
wmj£?7 8%mt htd fcRSSii*. £ k £*MR 
k ^4 ft IB 3 IB«W^^*co»3i*S 0 

[0093] ( itiB 6 ) mm 1 wis-cii . mm 

«^m**#*££fr3^ISfW*k , UiEBHby* 
k, IWB*«^«JIWx^jftjMtl»^gtt^Xi;*# 
tt£#xfc#l/C JUl Uct/WC 3 6 XOTfcR* 
£*U irlBm2<?)Xgf1i, HfflBK^//-XO?lJK(4. fflf 
IB^/i/SffiT'3 6 %£jBi.& «t 3 fcRSSft* £ k 

•kf * ftia 3 tmcnmmmm.-m. 

[ 0 0 9 4 ] ( ftiB 7 ) MENU C9Ig*Cti , M IB® 

1 aamtiotfltt-* 3 0 n mjarwiwtsww* £ 
k£f#«ki-i>ftte3-6<D^ ^-m*»-JHE«<?) 

[0095] (#tB8) wsmmmmmmix 

Sfefei^T. HMfl«£!^M 1 0 0%com 
jR+fctJ^TlWH^ff dXg£$ hlzlbtiZ k &m 

t ^#!B3~7 <?> 0 \ ^ti^mmcD^mwm 
[0096] (ftE 9 ) mmmmmt, 1 j-kkj; 



[0097] ( ftiB 1 0 ) mmmmmm. 

< b h P b a XtfT i W*«&miim£-#tf £ k Sftft 
kWffBl~9tf)3*>, ^1^-^fB»^¥*tt§i 

[0098] (ftiB 1 1 ) ttlB**A«JI»i, P 
b, Ti«itXZr<0*llAWK«**ttii:*!|$jai: 
tlim 1 ~ 9 <o 0 % , ^ft#>-iIfB«<0#«*$gft 

[0099] ( ftiB 1 2 ) fMiNfeJWKm, S 
r , B i *J «t VTa<0*«AWR«**tf; k Mi 

t-i»ftiai-9?H*>, v ^*>-3SiB«j^^*f*a{f 
[0100] (ftiai 3) mmmmmm. b i 

*5 Atf T i co*»^SM«S:#tf Ck *1«Sk-t*frtE 

1 - 9 co 0 % . v ^^mmmmwrnmc^m^ 

[0101] (ftlBl4) tiM«(:J;& 

[0 102] («K15) BufB!llS«f*K^fM-tl» 
IWi. UiEMRJbtflS 1 ^3IIf *f*RSB^* , » 1 <0 
Mt^'xjfST-JfM-t 6» 1 coJMb , frifi® 1 

«#«a^±t»2«3^f«»af**, ®2co, 
»«fbfirx»tcwaw-*»2 ^xgk ± o*i> - k 
*wRkt4f«Bi 3immmmm<mm>m. 
[0103] ( ftia 1 6 ) ffreff 1 <oxs?w, he 

*l<05^*Haif»{4±fc LT (111) si*i**r$- 
4 J: -3 tfMStil. £ k *«ttfc -f *WK 1 5IBtt^3S 

[0104] (ftiB 1 7 ) frlBm2 WXSii, ItlBS 

ktSftiB l 5 itm 1 6|E®«3SP*f*li«ff«^ 
8c. 

[0105] ( ftia 1 8 ) msm i wxetii s fria 
mttfzcomttwi>mx'78%WFizm%.zii. m 
mm 2 coxuxn , msmtf* mmt^Mmzx" i 
8%mth£omfe%ti&zbzmibi-z>mm 
1 5-1 7coo*>, ^tti^mtmmmmftmoB 

[0106] ( ftiB i 9 ) mm i nxux-n s mia 
% i cnmmtmmz 3 0 n mOTconjf laww-i 
zt^mwh-ttm^Mi 5~i 8«a^>. 
«iBa^ir**wtoffM^a. 

[0 107] (ftlB2 0) |fffB«lcOXSkfrlB«2 
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[0 1 08] 

*»BfcJ:*itf , MOCVDJSfcJ:** 

tcjt o , u> { i i i ) Eififc^rrsaawMR* 

mmwn din mmzmzta* zcox^zi 
TBmztuzmmm*, (in) Ena**ru * 

[Hi ] *mx<mti&MocvDmmcom&z*t 

0T#>&, 

[H2 ] 01OMOC.VDJISc7MS5Sr^t-0T*&. 
[03 ] 01<OMOCVDilB<O-»2:^mCftS. 

[H4 3 «Bgojia^iMHj-r^HT'*i.„ 
[06 ] ^mnamtvmtiwxKtfi, 

[07] (A) , (B) 14, *«BB<0Mai^SlBW6»l 
<7)0T"£>I>. 

[09 ] 5(s»flBoaM*BW!"t4»l^)Brc*4. 

[0i o] *««^Ma*Rwss«coia , cfc&. 
[0ii] *mmmmwt&mmvfo&> 

[012] *56!fl«»lt«Wt*J»OWC*4. 

[01 33 *mnm*mit&m®?»>i>. 
[014] *»!B^sf5 1 iMt; «t mmmmm& 

[01 5 3 Hl4a7n-**-hte#JW***l!0 
« 1 SSMfWfc J: *»ii*Mi^Jfe^£**®t* 

*. 

[0163 4ftftoft2ltIkttlc J: I F e R AM«J« 
£Srf0-e£i>. 



[0173 (A) ~ (C) i4. 01 6<7)Fe RAMiDil 

aia***- (**>i ) 

[0183 ( D ) , (E) (4, 01 6cOFeRAMcDM 

[0193 (F), (G) ii, 01 6<7)Fe RAMOS? 

[02 0 3 (H) 14. 016«FeRAM<7>«j£IS2r 
S-T0 (•£<04) 
tfff«M3 

10 MOCVDfKMSB 

11 mm 

1 1 a mn&jy 

1 1 B -t-feT^ 

i2A~i2c mvm 
12D 

12a~12c MFC 

13 turn 

i3B MittixmyAy 

13C A'-^ytx^-fy 

13 a, 13b J</iy' 

14 #xg6fl 

2 0 £M 

2 1 RflJt 

22 Irf 

2 3 PZTftffil 
24 PZT*flt| 
30 FeRAM 

3 oa m?mm 

3 1 S i WtSL 

3 1 A, 3 IB feftffliS 

32 y-vmm 

33 y-htts 
34, 35 mmmm 

3 6 T»#-v^>-^«S 
3 7 MRtfMP^^^ttMII 
3 8 ±»*«W^*Wi 
360 TgPtffil 
370 ^I»«#:JK 
380 ±«ttfil 
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[H16] 
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[1183 



(0) 




^•7-#i«£{fI 



ss 

1-lfi*#&g|30A 



' 31A feftR & h 
32 33 




30A— 



35 

?-7?35B 
SWMfiflteOA 



3tA 

32 33 



[HI 7] 

(A) ~<c)&. 01 60F*RAM0il£tx«£itT{*an)iS 



33 



CM 



3QA- 



« ..1 " t 
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34a 
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